Human papillomavirus (HPV) infection which continues to be the most common sexually transmitted disease, has been identified as a major risk factor for cervical cancer. Therefore, it is very important to understand and grasp the distribution of HPV in Chinese population, and make the foundation for the development of cervical cancer vaccine in China. An extensive search strategy was conducted in multiple literature databases. All retrieved studies were screened by October 31, 2018. The prevalence of HPV infection was analyzed using random effects model. A total of 68 studies satisfied the inclusion criteria for our study. The national overall prevalence of HPV infection was 15.54% (95% CI: 13.83%-17.24%). we also performed subgroup analysis by age, geographic location, level of economic development, HPV assay method, and type of HPV infection. The top 5 common HPV types detected in general population, were HPV 16 (3.52%, 95% CI: 3.18%-3.86%), 52 (2.20%, 95% CI: 1.93%-2.46%), 58 (2.10%, 95% CI: 1.88%-2.32%), 18 (1.20%, 95% CI:
| INTRODUCTION
Cervical cancer is one of the most common malignancies among women worldwide. According to Global Cancer Statistics in 2012, an estimated 527 600 new cases and 265 700 deaths were found in women worldwide; cervical cancer is recognized as the fourth most common cancer and the fourth leading cause of cancer-related death in women and have been a major public health problem. 1 The burden of cervical cancer in developing countries is much higher than that in developed countries. The incidence of cervical cancer was not the top 10 in developed countries, but the second in the developing countries. The mortality was the ninth in the developed countries, and the third in developing countries. 1 Based on data in 2011-2015 from USA, the number of new cases was 7.4 per 100 000 women per year, and the number of deaths was 2.3 per 100 000 women per year. In terms of the latest National Cancer Statistics in China, the number of new cases was 10.08 per 100 000 women per year, and the number of deaths was 2.98 per 100 000 women per year. 2 Human papillomavirus (HPV) infection continues to be the most common sexually transmitted disease, has been identified as a major risk factor for cervical cancer. Eighty per cent of people will get an HPV infection in their life. HPV infection continues to cause significant burden on women. Most HPV infections are asymptomatic, transient, and will clear within 1-2 years, but those that persist can progress to precancer or cancer. 3 Many epidemiologic studies have found that nearly 100% of patients with cervical cancer have HPV infection. [4] [5] [6] Sexually transmitted HPV types is usually identified as two categories: (a) High-risk HPV, which mainly include HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68, are strongly associated with cervical cancer. Two of these, HPV 16 and 18, are responsible for most HPV-caused cancers. (b) Low-risk HPV, which mainly include HPV 6, 11, 30, 42, 43, 44 , and 61, and HPV 6 and 11 cause 90% of all genital warts. HPV testing is more sensitive than cytology in the screening of cervical cancer.
As the largest developing country in the world, China has about 130 000 new cases of cervical cancer each year, accounting for about 1/4 of new cases in the world. If effective measures are not taken, it is estimated that the number of new cases of cervical cancer will increase to 187 000 by 2050. 7 China has actively promoted the screening and prevention of cervical cancer in recent years, but the incidence and mortality of cervical cancer have remained high, and the age distribution becomes younger. Currently, the vaccines for cervical cancer are mainly targeted at tetravalent vaccine (HPV 16, 18, 6 , and 11) and bivalent vaccine (HPV 16 and 18) , based on the data from HPV epidemiological survey in Europe or the United States. 8 It needs to be considered whether the vaccines are suitable for Chinese population. It is very important to understand and grasp the distribution of HPV in Chinese general population, which provides scientific basis for prevention and treatment of cervical cancer. In 2018, Zhou HL and Xu HH et al respectively published a systematic review on prevalence and distribution of HPV in patients, which has invasive carcinoma of cervix (ICC), high-grade squamous intraepithelial lesion (HSIL), or low-grade squamous intraepithelial lesion (LSIL). 8, 9 These studies mainly studied the prevalence and distribution of HPV in patients, but did not study on general population; the results might be influenced by selection bias, which cannot indeed reflect the real situation of HPV infection in general population. Therefore, we perform this study to integrate the findings of 68 population-based studies. The aim was to explore that (a) temporal trends and geographical patterns in the HPV infection epidemic and (b) the differences between china and foreign countries.
| METHODS

| Search strategy
An extensive search strategy was conducted in multiple literature databases by October 31, 2018. The literature databases included PubMed, Web of Science, Chinese Scientific Journals Full text Database (CQVIP), China National Knowledge Infrastructure (CNKI), and Wanfang Data. We set the following key words: (a) "Papillomaviridae" and free word "China" were used for PubMed and Web of Science; (b) "Papillomaviridae" was set as subject heading (including title, abstract, and keyword) to search Chinese database. We also reviewed reference lists from all the relevant original research and review studies to identify additional possibly eligible studies. This study was conducted and reported in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement issued in 2009. 10 
| Study selection
We used Endnote ® (version X6; Thomson Reuters, Inc, Philadelphia, PA) bibliographic software to create an electronic library, which collected all the retrieved studies from literature databases. After deleting the duplicated studies by the software identification, 2 independent authors (Bo Zhu, Tingting Zuo) performed title/abstract screening and full text screening in turn. When any disagreements happened, 3 independent authors (Bo Zhu, Tingting Zuo, and Mengdan Li) reached agreement by discussion. The inclusion and exclusion criteria were as follows: (a) the subjects of studies should come from the general population, excluded the studies that contained outpatients and/or patients; (b) for the detection of HPV infection, both highrisk and low-risk types must be included; (c) the methodology of HPV detection should be explicitly stated; (d) the study contained the prevalence of HPV infection, or provided the available data to calculate the estimates; (e) when 2 studies were found to be from the same population, the latest or maximum sample size article was included.
| Quality assessment
The methodological quality and validity of the included studies were assessed by an existing tool, which was modified to assess risk of bias in prevalence studies. 11 Ten aspects in the tool were used to evaluate the quality of the included study, which was shown in supplementary Data S1. The included studies were assessed a score of 0 (high risk) or 1 (low risk) for each aspect. The score of study quality ranged from 0-10. The study with 8-10 points was regarded as "high quality", the study with 4-7 points was regarded as "moderate quality", and otherwise, the study was regarded as "low quality". The quality assessment tool is shown in supplementary Data S1.
| Data extraction
The included studies were independently read in detail by two reviewers (Bo Zhu and Tingting Zuo). Two reviewers used a fixed table to extract the information, which included the following: first author and year of publication, sample size, age, study period, region classification, and province.
| Statistical analysis
Stata software package (Version 12.0; Stata Corp., College Station, TX) was used in the pooled analysis. The random effects model (DerSimonian-Laird) was used to pool the
The flow chart of screening process in our meta-analysis Note. Because the number of references was too much, the authors made the references of the included studies in Supplementary Data S2.
T A B L E 1 (Continued) 3 | RESULTS did not provide sufficient data to calculate the prevalence of HPV, and 14 studies were from the same population. Finally, the remaining 68 population-based studies (English studies: 34; Chinese studies: 34) satisfied the inclusion criteria for our study. A flow chart of the screening process is shown in Figure 1 .
| Search results
| The characteristics of the included studies
In the included studies, we found there were 31 provinces which reported the prevalence of HPV infection in general population, except for Gansu, Jilin, and Guizhou. The number of studies reported in 10 provinces was over 3. A total of 1705956 people were included in our study, the number of people in each province ranged from 1008 to 714 235. The prevalence of HPV infection ranged from 6.2% (Hong Kong) to 31.3% (Hainan). The characteristic of the included studies was in Table 1 . Figure 2 showed the number of studies, the sample size, and the prevalence on HPV infection in each province.
We assessed the quality of included studies using the modified quality assessment tool. The quality scores of the included studies were shown in Table 1 . The quality scores ranged from 7 to 11 and 10. Only 6 studies were assessed as moderate quality, and all other studies were assessed as high quality.
| The infection of HPV in
Chinese women
In the included studies, there were 71 databases that reported the overall prevalence of HPV infection, the national overall prevalence of HPV infection was 15.54% (95% CI: 13.83%-17.24%); there were 50 databases that reported HPV infection in urban, the prevalence of HPV infection was 14.86% (95% CI: 12.84%-16.88%), and there were 21 databases that reported HPV infection in rural, the prevalence of low risk HPV infection was 13.70% (95% CI: 11.18%-16.22%).
According to the traditional geographical regions of China, we have divided China into seven regions, which included East China, North China, Central China, South China, Southwest, Northwest, and Northeast, the prevalence of HPV infection were 15 According to HPV assay method, the prevalence of HPV
F I G U R E 2
The number of studies, the sample size, and the prevalence on Human papillomavirus (HPV) infection in each province of China infection was 16.55% by PCR and hybridization and the prevalence of HPV infection was 11.73% by sequencing or real-time PCR.
There were 66 databases that reported the prevalence of high risk HPV infection, the prevalence of high risk HPV infection was 11.93% (95% CI: 10.93%-12.92%), and there were 46 databases that reported the prevalence of low risk HPV infection, the prevalence of low risk HPV infection was 2.78% (95% CI: 2.35%-3.20%); there were 35 databases that reported the prevalence of single HPV infection, the prevalence of single HPV infection was 11.00% (95% CI: 9.32%-12.68%), and there were 48 databases that reported the prevalence of multiple HPV infection, the prevalence of multiple HPV infection was 3.44% (95% CI: 2.69%-4.18%), the multiple HPV infection included dual infection (2.30%, 95% CI: 2.01%-2.58%), triple infection (0.51%, 95% CI: 0.42%-0.60%), fourfold infection (0.11%, 95% CI: 0.07%-0.15%), and fivefold infection (0.04%, 95% CI: 0.01%-0.07%), respectively. In the detection of the HPV subtype, we found that HPV16, 52, 58, 18, and 33 are the top 5 subtypes, and the prevalence of the top 5 subtypes was 3.52% (95% CI: 3.18%-3.86%), 2.20% (95% CI: 1.93%-2.46%), 2.10% (95% CI: 1.88%-2.32%), 1.20% (95% CI: 1.05%-1.35%), 1.02% (95% CI: 0.89%-1.14%).
We further stratified the analysis by age, found that there were 12 databases which reported the prevalence of high risk HPV infection by age. Because of different age groups in databases, 12 databases were divided into 3 groups for analysis. In group 1, the prevalence of HPV infection in <25, 55-59, 60-65 age groups were higher with 13.31%, 14.93%, and 16.33%, respectively, and that in 25-29, 30-34 age groups were lower with 9.97% and 9.50%, respectively. In group 2, the prevalence of HPV infection in <25, >65 age groups were higher with 19.21% and 13.33%, respectively, and that in 25-34, 55-64 age groups were lower with 9.95% and 9.84%, respectively. In group 3, the prevalence of HPV infection in <25, >60 age groups were higher with 33.37% and 26.03%, respectively, and that in 31-40, 41-50 age groups were lower with 13.94% and 13.86%, respectively.
In the included studies, the year of the epidemiological investigation ranged from 1991 to 2016. There was only one study that reported 1991, 1992, 1999, 2000, 2001, 2002 
| DISCUSSION
The prevalence of HPV infection varied geographically, and the prevalence of cervical infection with human papillomavirus (HPV) in women also varies greatly worldwide. In order to understand the situation of HPV infection in Chinese women accurately, we conducted a pooled analysis of 68 population-based studies, which contained 1 705 956 subjects. As far as we know, this is the most comprehensive and extensive, HPV-related study in China. The national overall prevalence of HPV infection was 15.54% (95% CI: 13.83%-17.24%), which ranged from 6.2% (Hong Kong) to 31.3% (Hainan) and varied by region. This may be due to the large Chinese population and its territories. Meanwhile, age, economic conditions, cultural habits, and population migrations might also influence factors. 12 Therefore, we further carried out subgroup analysis by different regions and economic levels. The results from our study indicated that the prevalence of HPV infection in urban was similar to that in rural. A high burden of HPV infection was found in East, North, and Northeast region of China. The higher prevalence of HPV infection was found in middle and high economic level. The prevalence of high risk HPV infection, the prevalence of high risk HPV infection (11.93%) was as 4 times as high as that of low risk HPV infection (2.78%). We also analyzed the HPV infection epidemiological trend between 2003 and 2016, and found that the prevalence of HPV infection were higher in 2009 and 2010, the prevalence of HPV infection in other years changed little, ranged from 13.2% to 17.4%. The prevalence of single infection was 11.00% (95% CI: 9.32-%-12.68%) while the prevalence of multiple infection was 3.44% (95% CI: 2.69%-4.18%). In the multiple HPV infection individuals, the frequencies of 5, 4, 3, and 2 genotypes were 0.04%, 0.11%, 0.51%, and 2.30%, respectively. We found that the main form of HPV infection was single infection, and multiple HPV infections were less common, the results were consistent with previous studies. Some studies had suggested that multiple HPV infections could potentially have competitive and/or cooperative interactions between HPV genotypes. Multiple HPV infections would 16 Zhou HL, et al found that in invasive carcinoma of cervix (ICC), the top 5 common HPV types were HPV 16, 18, 58, 52, and 33 in descending order of frequency. The present prophylactic vaccine for cervical cancer is developed based on the results of the HPV epidemiological survey abroad. In China, the quadrivalent vaccine (HPV 16, 18, 6, and 11) and the bivalent vaccine (HPV 16 and 18) were licensed. In our study, the top 5 common HPV types were HPV 16, 18, 58, 52, and 33 in Chinese general population. Therefore, the quadrivalent and bivalent vaccines were unable to cover the common HPV infection types in China, could not provide effective protection for cervical cancer.
T A B L E 2 The pooled prevalence of Human papillomavirus (HPV) infection in Chinese women
In age group, we found that the prevalence of HPV infection in <20 and <25 age groups were high, then there was a distinct decline. When the age reached 60 or even older, the prevalence of HPV infection had increased again. The high prevalence of HPV infection in younger women may be related to unhealthy sexual habits such as premature sexual life, excessive frequency, and excessive sexual partners. 17 Although the prevalence of HPV infection in young women is high, most of HPV infection may be cleared automatically within 1-2 years, so the prevalence of HPV infection would be reduced. The immune ability declined with age in old women, especially in the premenopausal and postmenopausal women, the ability in eliminating previous and new infections weakened, so the high prevalence of HPV infection was also in older women. 18 There were several limitations in our meta-analysis. First, because our study aims to reflect the HPV prevalence in general population. In the process of detecting HPV for cervical cancer screening, cervical high-grade lesions, and cancer might be screened out, we should analyze the prevalence of HPV in cervical high-grade lesions and cancer. But, in process of collecting the included studies, we found that only a few studies reported the number of cervical high-grade lesions and cancer, fewer studies reported the prevalence of HPV in cervical high-grade lesions and cancer was too small, most of studies did not report the prevalence of HPV infection in cervical high-grade lesions and cancer. We could not analyze the prevalence of HPV infection in cervical high-grade lesions and cancer. Second, different detection methods might have different effects on the detection rate of HPV infection, and might affect the prevalence of HPV infection. Therefore, we performed subgroup analysis by the HPV assay method, the prevalence of HPV infection was 16.55% by PCR & hybridization, and the prevalence of HPV infection was 11.73% by sequencing or real-time PCR. The HPV assay method might be the heterogeneity source of the prevalence of HPV infection, it deserved our attention in the follow-up studies. Third, in our study, we had considered the effects of many factors on the prevalence of HPV infection in our study. Because our included studies did not report standardized rate, when we merged the prevalence of HPV infection, we just only focused on the description of the results, could not compare.
In conclusion, HPV type in Chinese women was quite distinctive. HPV infection played a critical role in the occurrence of cervical cancer, which affected by geographical region, economic conditions, cultural habits, and population migrations. In the screening process of cervical cancer, we should pay attention to mental stress, destruction of the cervical tissue by invasive operation and economic burden caused by over diagnosis and treatment, when improving the sensitivity of screening and reducing the missed diagnosis rate were emphasized. Understanding the distribution of HPV type and performing the HPV type testing had important clinical value for colposcopy referral and increasing the detection rate. Therefore, our findings could provide evidence for cervical cancer screening and vaccine, in order to reduce the burden of cervical cancer.
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